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I. 


‘dn account of Experiments: made in the Mysore 
Country, in the year 1804, to investigate the 
effects of Terrestrial Refraction. . 


BY LIEUTENANT JOHN WARREN, 
j Of H. M. 33d Regiment of Fuot. 
so 
- ‘INTRODUCTION. 


Norwrrustanpine the various theories which 
have been. advanced, at different times, to account 
for the effects of refraction*; and the numerous ex- 
. periments which have been made by the most eminent 
. philosophers of our times, with a view ‘to discover 
some law by which its effects might be reduced to 
certain narrow limits, applicable to practice, nothing 
sufficiently satisfactory has yet occurred to set the 
question finally to rest. 


The late Genarat Roy was the first among us, 
who availed himself of the favorable opportunity 
‘which his survey presented, to pay some minute at- 





® Particularly by De Carres, LEIBNITz, the two BERNOUIL- 

Lis, and lastly by Sin IsAac NEWTON, whose hypothesis, ground- 
‘ed on the laws of attraction, now generally obtains among physical 
‘writers. ' 
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tention ‘tote effeces of tertéstrial refraction. After 
him ‘CordWe®! Wav ttais ned -M¢:! DAray‘resumed 
the inweseleation “ag fatead theserviceion which they 
were @fAoyed coivenibntly- allowed «(but'as this 
was’ Mita secordbry! olject: with ther) littlé addi- 
tional information is to be gathered from their la- 
bours. Masor Munce has, indeed, made a number 
Of “eXperingiits ‘shied that ithe ato the tresult has 
fallen $0-fai short df tis Expectations, that he promises, 
in: his Iatest!publication; to resurie ad! pay ‘particular 
attention té the subject > und ‘we haveinodowbt every 
‘Hight eo! iexpect! somethig very! valliable from: that 
quartey. (Buty may not ‘the laws of refraction be so 
“niateridly affected ‘by gravity;iand dther enknown 
leases, “AY 1 vai'y ti different patts!ofthe globe, and. 
‘shdtrehieey which obtains in higt aotthem ‘latitudes 
fail in trOpeal resiutis 4. bvdeed) cehei:erepularities | 
which of late have been detected in the declinations, 
BE R2HAM behi's *, Which! tough iuiiolwervell-in Eng- 
“HanERT ae Power Filly! Rete in these clithates\» suffcient+ 
“Ty Bid ‘Mow mtich' we JHave/reaborttoe!suspect an. 


2 SOO Le Beran aoe IONE ST, 





* Mason, LAMBTON, ina postscript fo one of his late reports to 
goveriiment, lias this observation. , ‘ We find here, that cfifferent stars 
«* ‘give very different ‘latitudes “after beiug corrected! far ‘aberration, 
4 putation, &e.- AO TPidndéepostm, the latitude of that station by 
| ot -Aldeharan, was 11° 44/5527, 59.) 'The latitude, by Regulus was 
- 11° 44' 47” 84, and the latitude by aUrionis, | 1°44) 40" 91. I bad 
* made observations by the same three starsat Paudree Station, where 
* those hy Regulus and zOrionis were often interrupted on account of 
3 5* tthe Bud wedi her, aid: cone quaathplefy dol brfat obatithe differences 
ee were heanly tg lege, 3 fosel Thevehst yg eg 
~** vations have’ beem, set. agi hey, suficl to prove that the 
* declinations, as fiat aaiehnd pie ue Roe heey, and this 
4* -may-probably arise-fronrthe-uneertainty -we-labour_under with re- 
“* spect to the laws of refraction; and in consequence o oo in 
_“ that, the differance, of the corrected zenith disthitced vo stars 
‘observed in Europe, wilf not Be the sulle? iii Ae which 
_ the same plays will give in this'lgtitude. - P'ani,"howev t;'hazarding 
, gn opinion, but, ag Tiptend, being more sdtisHled ag to the fact, I 


. 


*# hope l shall be ‘able to say more on the subject hereafter.” 
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effect of the sort, and must evince the expediency of 
obtaining corresponding experiments in different lati- . 
tudes; for, it is obvious, that even to ascertain any 
deviation in a system, perhaps too generalised, 
might be attended with .incalculable advantages to 
science, 5 ey ce CG 36 hed -, 

It must be owned, .that:.to."render experiments on 
terrestrial refraction pointedly useful, . it would be ne- 
cessary to shew how discoveries in this province 
might. apply and he extended to refraction in general. 
Hitherto ou this recondite, subject, ,zothing which 
would immefliately apply has reached: my knowledge ; 
but as so much is still to be done whenever refrac- 
tion is concerned, .we may argue, that, in thé present 
stage of our information, observations confined tq 
terrestrial objegts may: ba deemed sufficient. | 


It has been stated on experiments*, that the refrac« 
tive power of the.ajr,js prapogtional to its density; 
and this is as its weight directly, and heat in- 
versely. It would then appear, were our barometers 
and thermometers, sufficiently accurate, that by com- 
paring them at auy given time, the ratio of its density 
mighi.ks hit, Butt has been found, on trial, that 
ini dpaipresansniapraved, state of these instruments, 
cha inet wery: minute; ins.the density of the at- 
aque capéournbtice, when a reference is madg 
fo, them Albke Raa es : co eee Z Pats 
70 Ho Dosqurpstal oto. a 
_. N@wy.sindelWwe have~very reason to suppose, that 
“ whatev r'shate, heat, ‘cold, or electricity, may have 
ebntaleW Oat LH Iefractive powers of the air, their 





og eRe Poe Gt hon Li SO vest 5 
tTerte LL ’ it) yds 2 5 ds, Hen SEs : 
i | ne aia number of ék deririents on the immediate effects 
of heal sind cold, on ‘the refadtise powers of’ media, concludes, “ tha¢, 
“ in alk translucent’ substances,’ the focal distances diminish with the 
* heat, which diminution; he ebitcelves, is’ owing'to 4 change in the 
| BY 
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effect is €xtremely inconsidérable, when compared 
with that caused by the bulk ‘of water contained in 
dissolution ‘m* tht’-atmosphere :' ‘we may, therefore, 
in the present inquiry, consider them merely as 
‘agents, coltpositig ane -décémposmg perpetially the, 
air; and neglect the consideration’ of that toimediate 
effect which’ Smitu atid Evrer: have ascribed to 
‘them: Should wethen saccééd, it ascertaining, with 
‘any depréé ‘of -decuracy, ‘the relative degree of mois- 
‘ture and ‘drynéss, at the ‘differeht ‘times of observa- 
‘tion, we shall (without neglecting dthér considera- © 
tions) lay more stress on these results, than on what 
‘might be deduced sepdtately from observations of the 
“Barometer ~ thermomretér: ©" ~ as | 
‘- Béfore entering into the subjevt-of-experiments, it 
will be proper to preface a’féw words:oh the motives 
which :maduced: me to ‘attend particul afl. to the ef- 
‘Pécts of terrestrial rettactton, at the time that I did; 
‘as it will afford 'an oe of ‘givin’ an account 
‘of the data on which I chiefly proceeded. 
: Bee BOG SPE a EO TE gre Sen 3c i aes ' 
Having’ received ‘directiotis - from ' Mayor La ms- 
ton *, to methsure a:line tieat! Bungalvre; to' serve as 
a base of terificution ‘to thetrigonortetrical 6perations 
swhich ‘wert'then carried of under‘his ‘supetintend- 
‘atice, it odctirréed tome, wher this’ service ‘was’ com- 
‘pleted; that so’ favourable ‘an’ oppettanity was not 
likely to fécur, for catering’ mmutdly’ mtd ‘the sub- 
ject; for every pdssitbld nicans Had-been’taken, to in- 
‘sure us décuifate a-méasurement as:could be-effected : 
‘and this line, together’ with ‘the: elevation of one of 


ree | Bp buete he oy f 1? | af pine 





a J ovale ees 10) eee Of 
“ refractive power of the substance itself ; which prohably increases 
ce eee a eda et ea irs as 2 aon cays ty al 
ut this applies chielly to: hard media, such gs glass lenses, &e. &c. 
And fiiy be deemed fort € present) too inconsideraple to require 
“particular notice, where air is the medium, Makes * 
* Whose dstistant I theb was. © " 
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its extremities -aboye the ather, (asgertained in the 
course of the measurement) afferded every necessary 
datum to proceed. on in this. Pawerere 

As the detailed act oe F the. abovementioned 
operation will appear gt full length in Magor, Lampe 
ron’s reports, and canaqt with propriety be giyen in 
this paper, J. hope. that. .its. heitg: kuqdwa'to form a 

part of the. trigononsetrigal aperations,. castied on, ip 
the peninsula a a, will appear a. -onlfigiens pledge 
of its eee etshth og abe ee a 


{1 
" ACCOUNT OF INSTRUMENTS, ., 


The elevations and depressions were, taken: with 
the great theodolite, used by Major Lamsrton, for 
carrying on. his series of primary triangles acioss the 
peninsula, This, instrument, having bean. formerly 
described by, himself, need not: be aay: further. parti- 
cularised.; ‘The angles were inwariably. saken-with 
the micrometer, in ‘thq focus. of. the, tere bo 

Let GoW Boas ad: 

A barometer ‘and thermometer were also procured*; 
but frogn, the; reasons -above gives, she: want; of an 
hygrometer. was: likely. to .dé¢prive mar of what: t 
considered, tor he. aa, essential meana of jnvestigg- 
tion, (thorghi/l cannot, find: .zbat, auch» an instey- 
ment was,¢eves: applied.ite asiamilar,.punpose) when 
Liacgensaniaenntt Hi, M,. 9th pegyment,. qom- 
munigated fo ,me. his. observations onthe, bearded 
seeds of a: wild gnass, called, inetha Malabar tongye 
Paninaolea (phe Andnopogen. centartyon of Linn 208) 
which: growsdim abundance: inthis part-of, tha penip- 
sula, and which he thought was likely to answer for 
an instrument of this. sort}. 










. The ba ometer was 2 com cht i ropert ‘of Dr? i4 NE, 
the compaiy’ 8 datiitahét. The be} of ape of eae 
division. 

+ The beards of the wild oats:+have been used in England for a 
similar purpose (see HuTTON’s Dictionary, art. Hygrometer). 
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Although I understand it to be this gentleman's 
intention to give an account of his experiments on 
these fibres to the public; yet, as his official calls 
prevented hin from going minutely into the subject, 
at the period when I had occasion for an hygrome- 
ter, I was under the necéssity of anticipating his 
intended investigation ; dnd the experiments detailed 
in the appendix will shew, that after an ample trial, 
the beards of the Paninooloo yrass were found per- 
fectly competent to the construction of an hygro- 
meter. Three of these instruments were therefore 
constructed, and. the mean of their readings noticed 


jn the annexed tables, — | 
‘ ' a ! <n the Ci pb et gtpegeat at 
EXPLANATION, OF THE, TABLES. 


se ? 
auc. 
' 


The detail of experiments dn the effects ‘of terres- 
trial refraction, together with ‘the ‘immediate results 
deduced’ from’ them, “appear in ‘these ‘tables, “under 
the appropriaté’ ‘cdfimris ;*and''a' réferénce’' to them 
will best explam their arrangements.” | 

Paso SR as Se te El 

It is however necessary to explain the meaning of 
certain marks, which appéar at varidis ‘pladés under 
the figures, and which have been adopted both for 
the sake oft perspiouity!and: brevity: :- wot. ob 


I soon ‘petéeited, after 'cdltebtitig 4” ctttafn “nuum- 
ber of observations, the,,prevailing agreement .be- 
tween the‘ motions.of. the hy grometes,.and the varia- 
tions, which) oecurred* ih ‘the ‘observed angles of ele- 
vation and depressipi., OWL veut 0 os 

td esttife nue off modw jdaue 6 todas 

This beingia.nowe)., aad: thtenesting fact (of which 
I had: stehe-morécredson! te*be conviheed; after I 
had succeeded’ ‘fi! regalsitig the” Hypfometers) I 
was desiroys to. draw. the ,attention on this coinci- 
dence, and with this view the marks alluded to were 
affixed. 
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Taking it for granted (as perhaps the present ex- 
periments will be deemed to allow) that where, the 
moisture ef the atmosphere is greatest, the refraction 
at that moment is. also greatest. (and, wice, versa) 
wherever, in the annexed tables, _ the; observation 
rigorously agrees with this theory, the mark (§).1s 
placed underneath*; where the coincidence of mois- 
ture and refraction is not absolutely exact, the, ap- 
proximation is. pointed out by across { ], shewing, 
by the number of its bars, how, near,.1t. comes te 
perfect consisteucy. | 

With a view’ to ‘draw the’ attention, sfill| closer to 
the effects of moisture on refraction, two’ columns 
of differences, which were kept at the time of obser- 
vation, have’ Ween" preserve? The *dédidmn which 
relates-fo the angles pene mee Agconling: as 
these-have, bofn MEAsUTEH B a S$ Hithe; hwo 
nearest observatiags jane, phat Pk the, cantempora- 
seme re fone Sec 
cording a8 he. 
moister to a drier state, 


oN 


99 











e 


we ‘pice vere . 
mmgpordt ost nypslqxo,0} yiseeonod wovaevod ar 3I 
As Hhisinoincidents has heen yery, genctal, found 


* Tt is to be noticyd; tnvebvbrs het moisjagoupdl evening. chek - 

. vations are ee pepareleye neglecting those taken in oe 
| : : -teet 

Tearos thd ae nce ME hey Brett mite The 

oily YES WHS thes! UbsetPdGond ire HOORA dae af 





r 
: fost, 
that -Aowevdrrimpectbormbey widy tsb} dete) seOsH Ob! toro, they 
contFibute heyart beleng-o: pat ahiish thel preps of dhel gdidtipn of aiois- 
ture to refrattion ; for it is to be obser ath aaah Gabor the, weather is 
perfectly clear of rainy clouds) the refraction” is never so inconsider- 
able as in the heat of noon, when the sun shines brightest, and when 
the trentar)of the ary nen nba cbasidetaBleg dad the : reason 
J 


of aula agra b = the sigespber holiérer stared, 
Le i . 2 i e ion 
at th noe vats 2 attra as ‘eit ly nd 
it out negli 1 fn Han hit darikes Hottt frot’ the imposstbi- 
lity of tdhdiy:ths adgles(mosktately; vad! hd! very bill refraction 
then prevailing. Nath 

BA 
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the shortest way was to mark with. an asterisk (*) 
those cases where it had failed; and by inspecting. 


the tables, it will - al that the number of these 
1s comparatively small. , | : 


The quantity.of refraction, as entered in the ap- 
propriate columns, has been computed, according to 
those respective cases of depression or elevation, 
founded on reasonings too generally known to re- 
quire any minute explanation. mm 


It will only be necessary to state, that, with regard 
to the measured line, the formula y=1d— D+a* 
has been used in preference to that of r=4—(2+P?, 
for the obvious reason, that a greater reliance was to 
be placed on the perpendicular depression, obtained 
during the process of measurement, than on corres+ 

onding angular depressions, taken at the S. end of 
the base line, even though an equal number of ob: 
servations had been taken at each end. 


The refraction, affecting the elevation. of the 
Muntapumt, was necessarily computed by means of 
the elevations and depressions, taken at both places.re- 
spectively, r=-—@—™ being the appropriate formula, 


where E expresses the elevation, and is less than D, 





An example of each will suffice to render the sub- 
ject perfectly clear. 





* Where r= Refraction. | 
4 A= One half the contained arc. 
D= The greater depression. 
D’=. The less depression. 
And a= The angle subtended by the perpendicular depres- 
sion of S. end of measured line. 


' + A small stene building, on a very conspicuous rising ground, 
about four miles N. of Bamgelore. = 4 


< 
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EXAMPLE I,° 


The length of the measured line (Banswary and 
Beygoor ) being converted into aa arc of a great circle, 
gives 6 34,° 6724 *. 


Again, the depression of the south extremity of 
the line (near Beygoor) below the level of the northe 
ern one, is 39. 7 feet, and using the proportion of 
radius to tangent, we have for the angle which it 
subtends 3 25.” 75=a. 


Lastly, on the 7th of August, at 6°: 30’ A.M. the 
depression of the foot of the flag-staff near — 
was observed at Banswary, 6' 42" 66. 


But the height of the observer's eye above .the 
ground was 5. 67 feet (that of the instrument) which 
to reduce to the ground, will require 29°-39 to sub- 
tract : consequently, the corrected depression will be 
6 13°. 27=D (the quantity entered in the tables). 
Whence | 

1 A=3 17’ 34 
+.4=3 245 75 - 





- 6 483 O9 
@D=6: 18 27 


r= 29 82 





The refraction entered in the tables. 


7” 


een ere Le re, TT — — a ee te Gee my er ee . 
é . . 


* The horizontal length of the pated line i8‘89799, 31 feet; 
and when reducéd to the level of the sea, —39793, 7. This length 
has been used, in this particular case, to obtaig the centained ‘arc; 
because the tables, by means of which the operation was performed, 
were calculated to that distance from the centre of the earth. 


\ 
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ney) 


EXAMPLE II. 


At the same hour, the top of the flag-staff was 
observed 4/37." 32; which, corrected for ‘the height 
of the instrument, as above, gives the depression 
4 07" 93=D. Again, the length of the flag-staff 
being 24 feet, this subtracted from 39.7, leaves the 
perpendicular depression. below the line of the level 


15. 7 feet; and the angle which it subtends=1' 21° 
=4. 


Hence we have, - 
4 A=8' 17” 34 
+ a=l1 21 36 
: 4 38 70 
— D=4 T 93 


r=0 30.77 


eg 





The refraction centered} in the tables. ond 


ba vo Vi no! ers! ] ar STU ere 
ee ek EXAMPLE III. as 


Ist. The distan ce fron :ieNsextremity of the line 


C Banswary ) to the Atlee apm. 1s 96337 3, which,¢ con- 
vane into an arc of a great’ circle, 484°) 18" (=4 


af. Again, ‘the eleyation of the, Muntapum 
taken at Banswary ( (in i same. ‘day i i AM 
9 21” 84, and this corrected for he heigtit’ of m4 


instrument (by — 44" 49). ek s_ the elevation 
amet make get 


was 


-_ 


‘3d. Last iy, in the epi imvlimgc of “Avner st) during the 
afternoon, being at the? ‘Muntapun,, xe “depression of 
N.-end of line was observed, on a mean of four obger= 
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vations, to be 15’ 19"5, and the instrument (in the 
Muntapum) being 8, 5 feet above the ground, we 
have to subtract 1’ 6” 59, which reduces the depres- 
sion to 14° 12” 91=D, a constant quantity in com- 
puting the third column of refraction. 


Hence we have, 
| D=1¥ 19” 91: 
—E=10 06° 927 





cemetnbpattand®> 





4 06 64 
A=4 18 7 
2)0 12 06. 
pm 06 03 








The refraction entered in the tables. 


- The absolute degree of moisture was deduced ag 
follows: 


As I knew of no standard, by which I might set 
the hygrometer, when I was about observing, the 
least degree of moisture noticed during the day was 
assumed as zero. This arrangement had this advan- | 
tage, that the refraction and moisture had a similar 
direction, and their coincidence met ‘the eye ‘more 
easily. | 


The column which shews the absolute density of 
the atmosphere was computed by this formula: : 


IND he as  qqeoginmtemn + * ee ; 
D=(B—B')x 2522 x 1-_=_* founded on’ rea- 





* Where, D. pxpnenses , the: inesease of density, the height of 
harometer. at the Aimne of. observatiqn, B’ the mete oe the same when 
lowest of: all, » the difference of tempetature in the ajr, and @ the 
{ifference of temperature in the mercury. o . 


i 
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sonings sufficiently. known. An example, however, 
may not be deemed superfluous. 


EXAMPLE.’ 


‘The lowest ‘degree to which the barometer de- 
scended during the course of these experiments, was 
26. 85 inches=B’, when the temperature also least 
of all was 69°. "These .two quantities are used as 
constant in the computations. 


Now, on the 7th of August, at 6" 39’ A.M. the 
barometer was oberved to be at 27=B 
from which deduct 96 85=B 
there remains, . | 0 15=B—B 
Again, the thermometer at the same time 
was 75° 
from which deduct 69 


and we have =n; and as no difference 


' of temperature was noticed in the atmosphere and 


mercury, the same quantity (6) will also he ex- 
pressed by d. 


Hence it is that having found, 
B—B=0. 15; 292°=2 =0. 99, &c.; and #25=*=0. 
98, &c. we have 0. 15 x 0.99 x 0.98=0. 145530; 
which to reduce 1 in terms of B (the least density) we 


have 2455 _ —_1- the iricrease of density. 
0-14858 Oo” "184 


Lastly, to obtain an expression in absolute num- 
bers, we have, as 26. 85: 26. 85+54.::1000: 1000. 
202, the quantity entered in the tables. 


The remaining columns are sufficiently explicit to 
Fequire no explanation. | 


~ 


RTC B— 
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{ Number of ditto. 
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TERRESTRIAL REFRACTION. ig 


_ REMARKS ON THE RESULTS. 


Ist. The most remarkable fact, which calls for — 
eur attention, im the results of the present experi- 
ments, is the almost invariable coincidence of the in 
crease of refraction with that of moisture; which will 
‘appear still more forcibly, if we consider the results 
of the following eight observations, all taken between 
10 and 12 o'clock, P.M. on different nights, when I 
was ‘engaged in observing the eastern elongation of 
the solar star; the depression of the 8. extremity of 
‘the line being taken by means of a referring lamp. 


Days. | Depressions. Refraction. 









Augt. 

7 ' 3° 17” 33 1 

10 5 36 24 1 

11 5 40 18 1 

y 12 5 49 64 0 
§ 18° 5 51 Ql 0 
14 5 54 36 0 

y 45 § 28 63 | 1 
I 16 5 40 97 )} 1 





-- Mean refraction I’ 1” 38. 


On comparing the hygrometers, as they stood at - 
the time of these observations, with their position 
when last noticed in the day time, it was found that 

had revolved, on a mean, 240° in thedirection of 
moistare, Now, the niean refraction of -55 observa: 
tions, noticed in the tables, is 29° 74; and we have 
seen that of the 8 observations taken at night (which, 
from the stillness of the air, may be deemed to balance 
a superior number) to be 1’ 1” 38. Hence, it will 
‘appear, that the latter is something more than double 
the former. 


2d. We shall next advert to the comparative quan- 
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tity of refraction, which seems to have affected the 
observations of the different objects referred to in the 
tables;and here, it is perhaps worthy of notice, that out 
of 49 contemporaneous observations, of the top and foot 
_of the flag-staff, at the S. extremity of the line, the 
‘refraction attending those of the foot are 36 repeated 
times /ess than those of the top ; and that, in the 13 re- 
maining ones, where the contrary occurs, the excess is 
seldom above 2° of refraction, and frequently below 
unity *, As this circumstance. is.in opposition to 
the general theory, ‘‘ that the lower the object, the 
greater the refraction,” should the same circumstance 
occur again, in future experiments, it will be worth 


while. to inquire, whether the rays, when. passing . 


through the atmosphere below the line of the level, 
may not be refracted differently from what they 
are when passing above it. This, may perhaps be 
thought better than a mere conjecture, if it be 
recollected, that Mr. Bovever, (whilst employed 
in measuring a degree of the meridian in South Ame- 
rica, and observing, on the summit of the Cordelersy 
noticed a sudden increase of refraction, when he 
could view the stars below the line of the level. 


Sd. With regard to any attempt towards estimating 
the effects of terrestrial refraction,..by .an assumed 
ratio to the contained arc, as has been hitherto the 
practice ; without entering into any discussion of the. 

‘subject, I shall only observe, that if, in the foregoing 
experiments, we.go by the observations taken in the 


day time,“ we shall have (considering the: foot of 





1 e 
13°27 3 


flag-staff, and preserving the same notation) r= 





* The mean difference of refraction, between the top of the flag- 
staff and the Muntapum, (on 38 contemporaneous: observations) 
is 16”. .44; and that between the top,of, flag,and Muntapum is 
22". 51, where the order is inverted by 6”. 07: and if the top and 
foot of flag-staff be compared, in an equal and contemporaneous num- 
ber of observations, the nrean of their difference. is 6”. 08 likewise im 
the inverse order. 
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and if we take those by night, it will be r=—t of 
the contained arc, from which we can collect no- 
thing. a | 


ath! Phave tow only to add a few words on the 


cbhinpatative dettsity of the air, ‘at the different times of 


dbservatidh, ‘stich a’ entéred in' the tables; and the 


A crete he of ’contiectitin, Between its changes and 
those id'tHe ‘teraction ; froth which we may infer, that, 
dou ‘ti’ nérthern ‘¢litnates (where the mercury 
will: tise“ahd falP several’ inches in ‘one day) dbserva- 
tidtis: OF ‘the ‘barometer’ ‘and thermiometer may be at- 
tended 'to ‘with advantage, on the contrary, in tropi- 
cal countries, where: (as appears in the preserit expe- 
riments) the variations‘ of the mércury are hardly dis- 
cerniblé™’ those instruments will prove perfectly in- 


efficient. 1 -! | 3 
bis 1 
De Grate REPT 
Mee gspoeee, FOE NS BN 
Yui. APPENIDIK, 


“OLS ba G e ae "4 
An accotint of Experiments on the fibres or beards of 
the Panimooloo grass ; containing also an account of 
the construction of the hygrometers, used in the pre- 
ceding Hapetiments. si 0: + 
"Ob tig ied eo aM whe tt a . 
iBefore 1 prateed.to give an ageownt of the experi- 
ments, by imaans pfiwhich disatisGed nayself of the 
competeney ofothe beatds. of the. Panynoelpa, grass, to 
theebjesha had inixiew, u-,yvaill.be necesary to give 
a short-deseription of the plang -atgelf,  o¢-(since a bo- 
tapical account of it_is not here intended) of that 


om eee pee eee or 


part.n& the plant, which was.used in the construction 


AYO TOT 


€, 


ray Rib Brettewalradtiaw ad diverted 0.75 inches: 


2f phase ik: 
df SPibe inked woud? change 0:53. At Banswary, during the 


timé of dttending ‘to the” present experiments (that is about twelye 
days) the greatest change was 0.2: fhe latter place being 2970. § 
feet above the level of the.gea. _* 


_ 
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of the hygrdmeters, -consulted ia me eres expe- 
.riments oa. =e 


The Panimoaleo an which grows chiefly on 
Mountains, and is well kiewn to the-natives, from 
its beards, easily -catching.and adhering to their 
clothes,, produces a kind of ear, somewhat resembling 
. that of wheat. Its seed vessels shoot out long fibres, 
of a hardy texture,.. which catwist one with the 
other from left to right, so as to resemble, when im 
onesie area siriclga a lian juts 
e " These fibres, : or beards, are: tbe oa of ithe plant 
.used in. the:cgnstructien-.of the hygronesters; aad 
oe = ee (ate . 

ie oS hoOMn PICs. 

|. Fach bie Ae out; inca stoaight Eee neatly to 
‘ the length of an. inch, fromthe -seediveseet.to which 
it adheres; then tapers off, in curls, to a very fine: 
end, so that the former part of it can alone Be used 
-fon the ee purpostye«: { ven BELLE MO ie 

"OSE cans wee FY he 
at “When viewed: throughs meguityliie tein it npposrs 
; to-be made ‘up, like.;a.zepe, in :broad -atvanda, ewisted 
“from. left «tex right; which, iwhen,dyatdrnds reapplied 
(contrary, to its. effect on.a ropé) aneignedually unsold- 
ed, and cause the motion of whieh LaWailed myself. 


The twists, in the Araige t. part of the stem, are 
froti 3 to 7 in number: “these, as I have found 
‘by experiments, nearly, math. the nuntber-of révolu- 
tions, of ‘which, the, fibre is isuscaptibla; by: this ppl 

_cation of moisture. Aud oy blaow jibes. ae 


sant plien tb ; 
. When dissected, the stem was found to be made up 
_ of two fibres, copnestehby; a; slip membuane,dasily 
‘divided, . and’. twisted ound. each. agher, until they 


were united in,a.common,stalk,, at the seed vasacl. at 
ene end, and above the first cugl at the.other. 
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This construction readily explains why it should 
be easily affected by either moisture or dryness, but 
does not evince that heat, or other changes in_ the 
ambient air, might. not likewise operate upon it in 
the same direction. The following.experiments satis-. 
fied me, however, that moisture alone unfolded the 
stem. 


EXPERIMENT I. 


Having fixed a stem,:about an inch long, .with 
six twists in it, on a piece of wax, a slit straw. was 
fastened at its upper end, by way of index: the 
whole was then placed clear of any motion of the 
air, in such a position as the nature of the experi- . 
ments required; and a graduated: circle of paste- 
board was so placed about it, as to indicate the num- 
ber of revolutions and degrees which the index went 
over. . | 


Then, on placing my hand within an inch of the 
stem, the index generally moved from 5° to 10° of the 
circle, from left to right ; and as motion in this direc- 
tion. was. invariably the consequence of moisture, it 
was probable (but still-it remained to be proved) that 
the efflevia arising from perspiration principally af- 
fected: it in ‘this case. , , . 


- ; ' 


‘EXPERIMENT II. 


By breathing violently on the stem, I generally 
brought the index round from 70° to 90° in the same 
direction ; and it would. go back to its original place 
as soon as let free. . , 


. This was a sufficient proof of its great sensibility ; 
but to make sure whether moisture or heat-caused it 
to move in the.two preceditig ‘cases, I had recourse | 
to the following : 

Vor. IX. C 


‘\ 
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‘ : Y ve 
* Nay ‘ \ 
Nw OAS > woo 6 : \! iy ’, 


eee ae ARrERITENT Ait. ° 
I first appled a ret-hot bar of iron, as close to the 
stem as could be contrived-withoat berhing i It, nahin 
moved it uniformly from right to left. 
Again, having prepared: another stem; ‘I: _applied 
the steam of hot water, issuing feom the $pout of. a: 
tea-kettle ;. which caused it to move, with great ‘vio- 
lence, several revolutions from right to left : which 
was a sufigient proof, that heat acted on this grass: 
enly in as muchas it deprived it of a maisture.. 


~ 


| 
I then ptoteeiled 1o ascertain, whether the stem 
Was anyimay regularly affected: by’ the changes 1 ‘in the 
atmosphere ; a,pointon which every thing ‘depended. 
With this view I made up three hygrometers, on ne 
following constriction : 
i . 
Three stupas taken, of the same length and . 
number of, twists, and,. being fixed at, one end. into : 
a piece of wax, with an inde ex (as above described) » 


i 


the whole was’ fixed ‘at the bottom of so many strong 


tin boxes, about 21 inches deep, on ‘the edge of | 
which was .placed a: moveable broad pasteboard | 
circle, graduated ever on and divided in the com- 
mon way of 360°*. © e three hygrometers were 
then placed together, fa O Bserved, ‘for two succes- 


sive days, at every hour of the day, ‘trom . 7 -e'clock | 
in the morning. to 4 in the eyening; pero at'the | 


same tinie both “the barometer anq 
= anaes ealites. vill 
és eer Ure 









sapere. g 












“OLG 12 GOc 


| 
* This graduation th Tt truss < ear pute iy se suicient, wh 


n 
it is considered, that the nieve! effllvia' agising eee 
moved the index B8. oF 108, Fe Pare Us, “8 

. a : _¢ eC 


; 'f «qt 4 Oc : er p | 
| OT" 7 ( Gude ! i( Omer: 
§ oe ane ! 


: es i 
> Man | ly Ae | t ma { sat tt ' 
: 


~ 
meet ee eee we 8 re Be et 
eh aE 57 COED 
rd — ° 


3 
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Table, shewing the co parative rate, of going of three 


grometers. 
3. ff se @SVQHOMETERS. corpout bia. t 
-_ Suu : 
$/eit] = ; eee, rea } 
= 3 2 g . : So REMARKS: 
2 Fer fed f NP ste & Mies Nem Poas four oo 
Ale fuoce | Att Bl [Re tod of: pete: = 
pr Ay ye 5 ight clousls, sunshines. . 
(fed; boo. “HDiftay ditt, 7" 


. | 185 215 
»fs hort shea! .- Aue 









yo the DL ty $80, Dh "leche, gan 
icy Cares § 7 Ps 840° l 1 905) batts C pPoo ty v|e' tty 
AT FTC ‘ ace yp 2Q , ny i: eo vt 
oF "8835 630 ; Dict 
é “1 85 B3l: Hon. ‘tn ilies 
s\e7 660 § 715 Ditto. 
20 
var ser O19] ODSDE 5 yao § Wirtol |t 3 + 
oe eee ae) ee 5 ee 
vit iH? To} A rds 7 70 : sath! all boi. co 
He seen eae » FOF, | Ae s pp . 
ohne verbat Oa] gli 89 eg, Oat Pia feng 
“yess fl hah oy ats pl g50 $f- B envad op 
ay fe C fi 3k 


ee fobs bens {pe idly. ebig Asie ¢ 


iy ind HAIE bess ohare vt 
ope eladl 208 wpaB§) SI PT cc 


SL at ae apa 75 hd, C B95 > uf Distr dittpa . 1G ; iE 
a UH ta5§] bi asocht 1p apes : Diib, TMttes Le et 


my oresa 0a 3 ae Pa eat 

poepr ore ut “| 4 eae " [bite ditto re 
f. PADI, is “FESR O TLC gas ‘ Miss PATS 
11/75/27 |—170 § ra, pitt Gitte 5 { 
—350 §} “lem shining occasionally, 


520 2 ‘Ditto, ditto. 
uy) ESIBS) ae fF 


‘| 608 $t 12 Riso. ditto, | 
Lael, So - Light éfotids. ° 





27727 340° 

ilrgte7 (8055 
7% “i, wsgry ingt 
glagles cof sh 


3/81/27 - 590 1, 81 
70 


80 
4/8 1)27 590 595 Cloudy. 
70 75 
5|81|27 al - 670 Ditto. 
5 10 
6|80) 27 665 680 }} =| Ditto. - 
: 35 45 
7|79) 27 630 635 Ditto. 


N.B. In this table. Zero is to be taken between the signs 4. and —, 
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It may, howgyer, be,praper to mention, that not- 
withstanding the great regularity which appears to 
prevail between ‘the. rates of going of these hygro- 
- meters; ‘wheréver the atmosphere was eee 
moist, :. the ‘éxdquisite-serislbiNty Of the s¥em required 
to be chegked; for, as it. would, spmetimes,. uring,a 
heavy showe?,; BAYS 3 wihalg revolution, it. was not 
to’ be expected, that the three“instruments would 
keep pace, whilst moving sorblskdy. 04 silk thread 
was therefore: fastenet!vat #ach’ end! of! the ‘index, 
loaded with a thin plate.of lead, hanging loose’ on 
the bottom of the box, so as to be dragged by the 
straw as it went round: ‘By thesé means the instru- 


ments wete easily. regulated... ... vous 


“4 a - v4 : mt! ar aw A 

4° BER MISE “Expekt yO ee 
oie Be PLDT PG ah pg ua, Widget VE eal 4 ae i" Ley 
|Apphdationnef heat; 'j€0 2determitie the doimpads Gf 
the Aystty BIAS, out wep dy barjowar da gather a ste 


ney enisd {ron } ad? tO dnonestup bonigimar yacict3 


. 4 AREYIDS BEA x pi ENS} A; Seh aveah- 
ner, as to admit it,, Dy igh a.barpt heated ssomas 
close to the stem as cou e€ done, without, eae 
fire to the apparatus; on which the index revolved, 
2 revolutions and 105°, from right to eft, whep it 
batanie>quiespent:i!! Thats i391 4he Regt UP theron 
affected) it (tio? dn get in that” direction? “ahd ‘wis 
banel y outhieient! to! Keep Phé 31Ge x: frohi Falitite' Back, 
aT 3e LU He. 

The heated bar being, withdrawa, the index began 
to recede, and became, quiescent again (that is in its 
natural position) aftér having returned 290°. 


CET D : 
But the three hygrometers, whose rate of going is 


given, in the praseding table, bad maved mega ywhile 
‘904° towards it; and therefore this quantity 1s to be 
atided tu the:absve.*. fondiin SN yap orto aj Bate 
cence oe pte an cise 9Sa33 Aaah baie Jioors eh 4h 
vee 82 oe to adit aly boragits 
&3 


/ 
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ao tale cortreasr i Wamety’ 290° a 
ots: a Th (fh ren p eee ts “4.904 4 | 
cpeer FO, aeons re bee FQ eg Lie RdY 
7! AY CELE mt oe a? ie ear’ tie yy be $9407 1.4-134°° 
Whence at willappear, that. since, taagndex had mov- 


ed;' By 'theapiplicdtiod Of Heat, "" ef 105895" 
and that, by ooling,; ‘it pully, recovered 1 +134 =494 


myree hrs ue ayaret 


it follows, that the stem, by. being des , 

prived of; ite, radical anpisture,. lost fa. iva 2 

POWSBai war bet te tab eet et ‘g3331° 

ab vd Iysecgnal nt 6 ot be te nef te a 
otert oUt eitoout EXPERIMENT, Ver dion. 


Application of Moisture, 7 


As soon as the index of the same stem gave signs 
of proceeding regularly with the hygrometers, a hair 
pencil, full of; water,.. was applied, and -held -to’ the 


stem, when it revolved 6+295° from if?’to right, and 
then ‘remained quiescent. . On the nat being With- 
‘draws He ied’ began” to’ recede’: Gad! Leatunted the 
wourse 96 5¢tHe! dther’ ‘Hy gtortieters,” Ufter: revolving 
qiitee suodtiw gue < hea er esse Milf os ue. 

: : yoban oli dina ay pews: Eggs nuli aut: 
dw ooh of AW rt: cob bag euciritey . 
norP OH ‘ings iaterval Of) this: experiment, these 

i vedi} 39%); in the same, -direegion: with: that 
0 pene <abieh mp tee to be 
ranted 
“feos yobm at sNambly 64300 af barred ott 
uct ISAT} MIBES 1 eR 18 1) DTG ue ; 
“OO? bord onyrsil tarhs otra | 


, +165 

-pemiog to eT Seo A eToterters 2. aya = sues 

sliclyaeapesr we ‘mate Ben? tine By thelapplidation of 

alata siingup elt wofsadt fete 

extreme moisture, the index had revolved; 64-295" : 
Hence, it will appear, that this process, 6+165 


affected the’ fibres of the stem by. - . ° 180 
c3 | 


= 
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The thermometer, at the beginning of this opera- 
tion, was 77°; and‘at.the end 79°. 


From the dbove experiments, it will appear, that, 
since by the application -of extreme heat (procuring 
extreme dryness) the index had revolved from nght 

: . oe & : 


to left, SoeE he 2+ 105° 
and, by the application of extreme moisture, 
from left to right, =. os ' 64295 


it follows, that the sum of. these two quan- 
tities, .viz. be ee 


| .. aie =9+ 40 
is the compass of the stem, ;._ . 


a 2s | 3 
This result evinces, that the mean state of the at- 
mosphere does not carrespond, nor carrit on any’ ot- 
casion, with the mean of the power: of this instru- 
ment*. © } ee 
A second stem having been selected, and the same 
process, as above related, repeated ; it moved by ex- 
R. 
treme heat 2+290°, and, by extreme moisture, 
8 +520" ; so that the compass of this fibre was 
11+250°; which exceeded that of the fermer by 


2+210; but, on examining it closer; after the opera- 
tion, it was found that, although taken of the same 
length, it contamed one twist more than the former; 
which accounts for its greater compass. 


EXPERIMENT VI. 
Application of Steam. 


Three stems having been selected, and being fixed 
_as usual, the steam of boiling water, issuing from. 





© The stem, which was used for this experiment, was afterwards 
compared, when made up, with other hygrometers; and it did pot 
appear to have lost of its activity, by this process, 
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the, spout of:a tea-kettle,; was applied ta qne of them; 
when it moved, from left..to. right). with yjolent con- 
vulsive motions, (so rapid as hardly to admit of 
counting: them) 63 revohations» the.@d, 6.; and the 
8d, .62 ; when they remained quiescent, ...": 


a: ,. 2s eoeeb hg sy 
Now, we have seen above (exp. IV.).that a stem, 
of this length, and number of twists, revolved in that 
case 6-4 300°; and, in the present, nearly 6+180 (on 
amean of three). The application of steam, there- 
fore, if wé cdhsider the small différeri¢e ‘of the two 
results, may be conceived to have affectéd the stem, 
only in as much as it moistened it. ° © 

GN A PE! al ae Ee ak jo IRS Ae Ps ; 
- Seyeral other. experiments were also tried, but be- 
ing of the,same nature as: the foregoing, and the re- 
sults nearly similar, they need not be particular- | 
ized. : ps - 
“eae OM bon bolo. aad sae 
efi: id h3vont TI bus ey a feel relives. + 
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